Energy metabolism and physical performance are dependent on sufficient iron metabolism. Therefore, studies evaluating the iron profile are necessary to elucidate this trace mineral requirements and its role in the equine exercise physiology. The aim of this study was to evaluate the influence of barrel racing exercise on serum iron profile of Quarter Horses. Twenty-two regularly trained Quarter Horses (8 females and 14 males, 4.8 ± 2.4 years old, mean body weight 431.7 ± 33.9 kg) were enrolled in this study with the owner's informed consent. All horses were evaluated at T0 (at rest), T1 (immediately after barrel racing trial), T2 (30 min after trial) and T3 (2 h after trial). At these time points, blood samples were taken to determine the packed cell volume (PCV), red blood cell count (RBC), haemoglobin concentration (Hb), total protein (TP), serum iron (SI), total iron-binding capacity (TIBC) and transferrin saturation (TSAT). Variables were analyzed for normality through Kolmogorov-Smirnov test and comparisons were made using Tukey test, considering P < 0.05. The imposed exercise challenge significantly altered PCV, RBC, haemoglobin concentration, TP, SI and TSAT, with higher values were recorded at T1. These findings can be linked to an increased demand as a result of physical activity. Significant changes occurred in the iron status in physically well-conditioned Quarter Horses during the barrel racing exercise. Better understanding of iron metabolism in horses will help determine the actual necessity of supplementation.
During exercise, electrolytes are involved in several physiological processes (Assenza et al. 2014) . In particularly, iron is an essential structural component of haemoglobin (Jackson 1997; Assenza et al. 2014) , myoglobin, cytochrome, catalase and peroxidase, and other enzymes involved in energy-generating oxidative processes (Walker et al. 2001; Inoue et al. 2005) . Athletic horses have a higher requirement for iron compared to sedentary horses due to a greater synthesis of haemoglobin and myoglobin, and sweat loss (Jackson 1997) . Recent study has shown that energy metabolism and physical performance are dependent on sufficient iron metabolism (Buratti et al. 2015) .
Generally, iron is the first trace mineral considered by a large majority of trainers and veterinarians in terms of supplementation for racing horses, based on human studies (Carlson 1994) . Although rare in horses (Assenza et al. 2016a) , iron depletion could lead to a decreased maximum oxygen uptake and reduced capacity of muscles to use oxygen for oxidative production of energy (Portal et al. 2003 ). However, the optimum level of iron availability in the athletic performance and an athlete's ability to train is still uncertain (Buratti et al. 2015) , which shows the importance of evaluating the iron status in athletes. Usually, the assessment of iron status includes the determination of the packed cell volume (PCV), haemoglobin concentration (Hb) and other indices of the red blood cell count (RBC), but more recently, it also can be evaluated through serum iron (SI), iron storage ferritin, transferrin saturation (TSAT) and serum haptoglobin (Wordwood 1997; Assenza et al. 2016a,b) .
Some studies have already been performed on athletic horses (Mills et al. 1996; Hyyppä et al. 2002; Inoue et al. 2005; Minini et al. 2013; Abramovitc et al. 2014; Assenza et al. 2016a,b; Piccione et al. 2017) , but information regarding the iron metabolism for 3-barrel racing horses managed in hard weather is limited. This special equine discipline is considered a short-term exercise in which the horse expends the maximum anaerobic effort for less than two minutes. The aim of this study was therefore to evaluate the acute responses to the 3-barrel racing exercise in PCV, RBC, Hb, total protein, SI, total ironbinding capacity (TIBC) and TSAT in Quarter Horses under tropical conditions. These findings will contribute to a better understanding of the adjustments made by this particular type of exercise regarding iron metabolism, which is crucial to ensure proper management, and contribute to improving the performance and wellbeing of barrel horses working in hard weather.
Materials and Methods
This research project was approved by the Ethics, Bioethics and Animal Welfare Committee at the University Vila Velha (CEUA -UVV-ES), and recorded under the number 318/2014, approved on July 2 nd 2014. Twenty-two Quarter Horses were used, 8 females and 14 males, with a mean weight of 431.7 ± 33.9 kg and between 3 and 10 years of age (mean age 4.8 ± 2.4 years), all considered healthy in previous physical examinations and blood work. These animals belong to three farms located in Espirito Santo, Brazil ).
All horses underwent same food and health management. Their diet consisted of Tifton sp. hay and inorganic mineral salt (Essencefós, Nutrimentos Presence, Paulínia, SP, Brazil; containing 2,500 mg of iron/kg of product) ad libitum and commercial feed (1.2 kg/100 kg body weight -DoEqui TopQuality, Nutriave Alimentos, Viana, ES, Brazil; with 12% crude protein, 3,500 kcal energy, containing 75 mg of iron/kg of product), divided into three rations daily. Water was always available.
All horses had been performing physical exercises and training for at least six months. This training consisted of 45-60 min of daily exercise, six days/week, divided between warm-ups and performance of the courses at a trot and canter.
The horses performed a 3-barrel racing test, which consists in navigating three barrels distributed along the course in the shortest time possible. The barrels were distributed in a triangular shape, with a distance of 27.5 m between the first and second barrel, and a distance of 32 m from the third to the other barrels. Physical activities were performed between 6:00 h and 11:00 h from November to March. Animals were evaluated for three days, seven animals per day and eight on the last day, with local mean temperature records of 29.5 °C and mean relative humidity of 67.8%, typical of tropical regions. The sand arena was dry during all evaluation days. Three riders with a mean weight of 80 kg and a mean height of 1.85 m were used.
During the exercise, horses used a heart monitor with GPS (RS800CX-G3, Polar Electro, Lake Success, NY, USA) in order to record medium HR (HRmed), maximum HR (HRmax), mean velocity (Vmed), maximum velocity (Vmax) and duration of exercise achieved by each animal. Data were analyzed using the ProTrainer 5 program (Polar Electro, Lake Success, NY, USA).
For the present study, animals were evaluated at T0 (before exercise, at rest, inside the box), T1 (immediately after trial), T2 (30 min after trial), and T3 (2 h after trial).
Blood samples were aseptically obtained via jugular vein puncture using disposable needles (25 mm × 0.8 mm), with a negative pressure system (4-ml capacity tubes containing K3-EDTA, ethylenediamine tetraacetic acid, for determining PCV, RBC, and haemoglobin concentration; 9 ml capacity tubes without anticoagulant for determination of serum protein, serum iron and total iron-binding capacity). All samples were transported in a cooler with ice to the Clinical Laboratory of the Veterinary Diagnostic Center (CDV, Vitória, ES, Brazil), for immediate processing, with a mean interval of 2 h between blood collection and laboratory analysis. Samples from the tubes with no anticoagulant were immediately centrifuged for 10 min (Centrifuge Model TDL80-2B, Centribio, Curitiba, PR, Brazil) at 2,000 g for separation of serum.
The PCV, RBC, and haemoglobin concentration were measured by means of haematology analyzer (Coulter HmX Hematology Analyzer, Beckman Coulter, Brea, CA, USA). Total serum protein (TP), SI and TIBC were measured using commercial kits (Labtest, São Paulo, SP, Brazil), by means of an automatic biochemical analyzer (Labmax Plenno, Labtest, Lagoa Santa, MG, Brazil). Transferrin saturation (TSAT) was measured using the formula (SI/TIBC)*100 (Abramovitc et al. 2014 ).
Analyses of results were made using the GraphPad Instat 3.0 statistical program (GraphPad, La Jolla, CA, USA) and the results were expressed as mean ± SD. Blood data were evaluated for normality using KolmogorovSmirnov test. Analysis of variance for repeated measures (One-way ANOVA) followed by comparison between means (Tukey test) was done to evaluate the possible influence of exercise on the studied variables. Values of P ≤ 0.05 were considered significant.
Results
Initial physical examinations during the selection process showed heart rate values of 37.6 ± 10.0 beats/min, with no pathological murmurs, respiratory rate of 21.6 ± 7.7 breaths per min, presence of normal bowel sounds, rectal temperature of 37.4 ± 0.3 °C and normal mucous membranes. Complete blood counts showed RBC values of 7.63 ± 0.65 × 10 6 /μl, haemoglobin concentration of 12.55 ± 1.07 g/dl, PCV of 35.7 ± 3.4%, and WBC of 9,331.8 ± 2,029.6/μl.
The ANOVA showed a significant effect of exercise on all variables, except for TIBC (Table 1) , with higher values recorded in T1. Table 2 shows the heart rate (HR), velocity, and exercise duration recorded during the heart rate monitoring.
Discussion
The present project showed that 3-barrel racing produced significant changes in the iron metabolism, similarly to other studies including other equine disciplines (Inoue et al. 2005; Machado et al. 2010; Abramovitc et al. 2014; Assenza et al. 2014; Burlikowska et al. 2015; Assenza et al. 2016b) . Values recorded through the experimental period are within the normal range described by Orsini and Divers (2013) . However, they were much superior for TSAT. 111 Table 1 . Mean vaues (± standard deviation) of the packed cell volume, red blood cell count, haemoglobin concentration, serum protein, serum iron, total iron-binding capacity and transferrin saturation measured in 22 horses during a field 3-barrel exercise.
Different superscripts in the same line denote significant differences by Tukey test (P ≤ 0.05); T0: at rest; T1: immediately after the exercise; T2: at 30 min of recovery` and T3: at 2 h of recovery. PCV -packed cell volume; RBC -red blood cell count; TP -total protein; SI -serum iron; TIBC -total iron-binding capacity; TSATtransferrin saturation
Variable
Experimental period Table 2 . The heart rate, speed, and exercise duration for 22 Quarter Horses subjected to a field 3-barrel exercise.
HRmax -maximum heart rate; HRmedmean heart rate; Vmax -maximum velocity; Vmed -mean velocity Physical exercise affects the iron status of athletes impacting significantly on oxidative metabolism and aerobic performance (Piccione et al. 2017) . Possibly, based on this affirmation, iron supplements are largely used in horses, leading more commonly to an overload than to a deficiency (Hyyppä et al. 2002; Machado et al. 2010) . In equines, iron losses are much inferior during exercise and spleen, liver and bone marrow reservoirs of iron are much higher than those observed in humans (Jackson 1997) . Therefore, studies evaluating iron profile are necessary and important to elucidate this trace mineral requirements and its role on the equine exercise physiology (Piccione et al. 2002) . Findings reported in studies of equine athletes are conflicting, and no studies have proven so far that exercise leads to iron deficiency in horses as has been observed in human athletes (Inoue et al. 2005) .
It is well known that the type, intensity and duration of exercise, as well as the athletic fitness and training level can influence haematological variables, such as the iron profile, and this can be the main reason for some differences found between Quarter Horses and other researches (Inoue et al. 2002; Fazio et al. 2011; Minini et al. 2013; Abramovitc et al. 2014; Burlikowska et al. 2015; Assenza et al. 2016a ). The HRmax observed in the Quarter Horses studied suggested that the imposed exercise was submaximal; superior to that found by Inoue et al. (2002) who reported 182 ± 3 beats/min for Thoroughbred horses at the maximum speed, and different from Souza et al. (2017) who reported ~200 beats/min in Quarter Horses also used for barrel racing. According to Hodgson et al. (1990) , heavily exercised horses reached a HRmax of 220-230 beats/min. The tachycardia observed corroborates several findings reported in literature and is attributed to the increased metabolic requirements of the muscles during exercise and increased sympathetic activity, being correlated with exercise intensity (Munoz et al. 2008; Ferraz et al. 2009 ).
In this research, a significant rise of 27.3% was observed for SI in T1. Similar results were described in the jumping horses (Burlikowska et al. 2015; Assenza et al. 2016b; Piccione et al. 2017) , Lusitano horses (Minini et al. 2013) and Thoroughbreds (Inoue et al. 2002; Assenza et al. 2016a ). Mills et al. (1996) also found elevated SI in racing and endurance horses during the first 24 h after exercise. An increase in SI with exercise can be attributed to its release from storage cells, such as liver, spleen and reticuloendotelial cells, characterizing it as an acute response to strenuous exercise workload (Minini et al. 2013; Burlikowska et al. 2015; Assenza et al. 2016a; Piccione et al. 2017) . When elevated SI is associated with increased TSAT levels as observed in this study and by Assenza et al. (2016a) , it can suggest iron mobilization by the reticuloendotelial system to the bone marrow, possibly due to a greater erythropoiesis to increase the number of circulating erythrocytes (Mills et al. 1996; Jackson 1997; Buratti et al. 2015; Burlikowska et al. 2015) . However, other authors (Inoue et al. 2002; Inoue et al. 2005; Piccione et al. 2017 ) noted that the elevation in SI could be attributed to ruptured erythrocytes due to the physical and chemical stress of exercise (Machado et al. 2010) , as slow recovery of SI would be more associated with haemolysis or damaged muscular tissue (Inoue et al. 2002; Piccione et al. 2017) . In this experiment, SI values returned to basal levels with 30 min of recovery, suggesting that the elevation in SI was not related to haemolysis. Furthermore, a significant elevation of RBC (~30.3%) was noticed in T1, contradicting the haemolysis possibility.
Exercise also caused a significant elevation in the PCV (~32.5%) and haemoglobin concentration (~32.5%) in Quarter Horses. These findings have already been described as a result of physical activity (Munoz et al. 2008; Ferraz et al. 2009; Assenza et al. 2016a; Binda et al. 2016; Piccione et al. 2017) . The temporal increase of these haematological variables occurs due to the possible combination of the movement of blood fluid to tissues and splenic contraction (Inoue et al. 2002) , with the last one representing an acute response to effort. A temporal increase of total protein was observed on this experiment, and was also described by Minini et al. (2013) , characterizing it as an exercise-induced haemoconcentration.
A recent study suggested an increasing role of skeletal muscle in regulation of body iron metabolism during physical exercise (Buratti et al. 2015) . According to these authors, generation of reactive oxygen species (ROS) in the contracting skeletal muscle changes the iron status in athletes, even in short-duration, moderate-to high-intensity anaerobic exercises, like the 3-barrel racing.
On the other hand, in contrast to our findings, some authors have reported a reduction in SI after physical exercise in different sports disciplines (Inoue et al. 2002; Abramovitc et al. 2014; Assenza et al. 2014; Kristensen et al. 2014) . Despite haemoconcentration, Kristensen et al. (2014) observed a decrease in SI, attributing it to an exercise-induced inflammatory response. Yet, the reduction in SI during exercise occurred due to increased urinary excretion and relative slowness of absorption from the gastrointestinal tract (Assenza et al. 2014 ) and plasma volume expansion induced by training (Inoue et al. 2005) . However, in this last research, a reduction in TIBC and TSAT was also observed, which was not found in the Quarter Horses studied.
All the studied variables returned to basal levels between 30 min and 2 h after the end of the physical activity, suggesting that the horses were well-conditioned to the imposed exercise.
The present study demonstrates that significant changes occur in the iron status in physically well-conditioned Quarter Horses during the barrel racing exercise in hard weather conditions. In spite of the changes, no horses needed iron supplementation. Our results reinforce the importance of studying normal haematochemical changes during this type of exercise, such as those observed for the iron profile, under tropical conditions, to properly evaluate the animals' fitness and well-being. Furthermore, better understanding of iron metabolism in horses will help determine the actual necessity of supplementation, which is often used by elite athletes.
